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Abnormal p53 and Cancer Development 
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A cell lacking functional g53 may or may not become cancerous, and correspondingly, a cell with 
normal p53 function may eventually lead to the formation of a cancerous growth. As discussed in 
the section on Genetic Change, to become cancerous, several different changes to the DNA of a 
cell must occur. One of the functions of p53 is to monitor the status of the cell's DNA. Along with a 
host of additional proteins. p53 helps to recognize and effect repairs to damaged DNA. The 
responses to damaged DNA include repair, cessation of cell division and cell death. Damage to the 
p53 gene does increase the likelihood of cancer development. Remember that since p53 is a tumor 
suppressor, both copies of the gene must be inactivated in order to see the full effects. There are 
several ways in which p53 can be inactivated: 

Mutations 

Alterations in the p53 gene have have several different effects on the activity of the gene, 
depending on the location of the alteration. 

1 . Mutations may occur in regulatory regions. These portions of of the gene control how often, 
and when, the gene is transcribed (this region is called the promoter) . A mutation in the 
promoter region can result in a decrease or absence of p53 in the cell. 



2. Mutations that occur in the protein coding region of the gene can impact the expression of 
the gene (or activity of the protein) in several ways: 



• A decrease in the activity of p53 as a transcription factor. The expression of the target 
genes of p53 that would be affected include p21 (a protein involved cell cycle regulation), 
Sax (a protein involved in the induction of apoptosis). and thrombospondin-1(an 

angiogenesis inhibitor). 9 ? 

• A change in p53 that makes it more susceptible to degradation. If the p53 proteins in the 
cell are being degraded at a higher-than-nonnal rate they will not be able to perform their 

functions as tumor suppressors. 9 
Viral Inactivation 

One of the functions of p53 is in 'guarding' the genom e. Infection with viruses introduces foreign 
DNA into cells. p53, along with other proteins, is responsible for the cell's response to the presence 
of foreign DNA. Again, the responses include shutting down cell division and cell death. To avoid 
these responses, several different viruses have evolved ways of inactivating the p53 protein. An 
example of this is Simian Vims 40 (SV40) Upon infection with SV40, viral proteins are produced 
within the cell cytoplasm . One of the proteins produced is tenmed the Large T antigen . A function of 
this protein is the binding and inactivation the p53 protein. Other viruses such as Hepatitis and 
Human Papillomavirus produce similar proteins. 

The elimination of functional p53 from the cell dears the way for cell division even in the presence 
of DNA damage. In the absence of p53, genetic instability as evidenced by increased muations and 
aneuploidy are likely to increase. The increase in genetic damage leads to the accumulation of 

defective tumor suppressors and oncogenes. 9 P 
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Genes and Cancer 

What are genes? 

If we look at life as a book, Genes are the basic alphabet of this book. They 
determine the make of the contents, the messages and meanings of our lives. 
Genes are very small molecules in our cells, which determine almost everything in 
our body. All of us, one day, were just one cell, a fertilized ovum. One sperm cell 
from our father joined with one ovum from our mother, merging their genes and 
forming one cell. From there on, the cells divided and gradually formed various 
tissues and organs of our body. 

Each Sperm and Ovum carry one copy of our parents' genetic map. The genes 
were then merged and passed on to us. And now, each cell of your body 
contains genetic information from both our parents. 
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The circles indicate the cells and the red and green columns indicate the complex 
of our genes within the cells. Each and every cell of our body contains same 
complex set of genes. 1/2 from our mother and 1/2 from our father. 

Our parents inherited their genes from their parents, and the grand-parents from 
their great-grant parents and so on. This means that each part of our genes may 
belong to a grand parent, great grand parent or our parents,-and if some one had 
a bad gene a few generations ago, we may harbor it, ~ generations later. 

Our genes are clumped together in 23 pairs of chromosomes. Each chromosome 
contains genes from both parents. Simply, if you imagine the red and green 
columns in above picture as one chromosome, we have 23 pairs of Red and 
Green in each cell of our body. 

Genes and Cancers: 

With advancements in technology, we can now detect certain bad genes inside the 
cells. These bad genes that are known to be associated with causation of certain 
cancers. Unlike the genetic abnormalities of benign disorders, the genetic 
problems associated with cancers are for most par t not understood and seem to 
be very complex and multiple in nature . Some of these abnormalities develop 
during the life of a cancer patient, as opposed to the hereditary nature of the 
benign genetic illnesses. Our current understanding about genes and their role in 
cancer divides them into two important categories of genes which are involved in 
the process of cancer development and progression: 

Tumor Suppressor Genes: Our cells have variety of genes, some of which 
control their growth These genes are important part of our genetic makeup and 
they regulate growth and multiplication of the cells. As a result they can prevent 
cancers from happening. If something goes wrong with these genes, and if they 
don't function properly, cells may grow without a contol and cause cancer. 

Example of these genes are: 

RB gene; if this genes goes bad, it can lead to the development 
of Retinobalstoma . Bone . Breast . Lung . Prostate . Bladder and 
other cancers. 

p53 gene; p53 suppresser gene can arrest replication of cells 
with damaged genes until normal repair process has taken place. 
If cells with damaged genes grow and replicate, they may result in 
a cancer. p53 gene suppresses the growth of such cells. If this 
genes goes bad, it can lead to the development of Breast . Colon . 
Leukemia , soft tissue sarcomas , and many other cancers. 

APC gene; if this genes goes bad, it can lead to the 
development of Colon . Pancreas and Stomach cancers. 

BRCA1; located in chromosome 17, if this genes goes bad, it 
can be associated with a very high risk of developing Breast 
cancer. 

BRCA2; located in chromosome 13, if this genes goes bad, it 
can be associated with a very high risk of developing Breast 
cancer. 
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Oncogenes: These are among essential components of normal genes within the 
cells and if for some reason activated, they can eventually cause a cancer. These 
genes regulate normal growth of cells. More than 100 Oncogenes have been 
identified and associated with some form of cancer. What is unknown is "what 
activates these Oncogenes and what happens after they are activated?" External 
factors, radiation, certain chemicals may cause activation of Oncogenes and result 
in a cancer. These genes stimulate cell growth. On occasions, these genes can 
be overactive and cause rapid cell growth and cause a cancer. Example of these 
genes are: 

MYC genes; which can result in Lymphomas 
RAF genes; which can result in Stomach cancer 
TRK genes; which can result in Thyroid cancer 

Gene therapy 
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UV and skin cancer: specific p53 gene mutation in nornic 
as a biologically relevant exposure measurement. 

Nakazawa H, English D, Randell PL, Nakazawa K, Martel N, Arn: 
BK, Yamasaki H. 

International Agency for Research on Cancer, Lyon, France. 

Many human skin tumors contain mutated p53 genes that probat 
result from UV exposure. To investigate the link between UV e: 
and p53 gene mutation, we developed two methods to detect 
presumptive UV-specific p53 gene mutations in UV-exposed nc 
skin. The methods are based on mutant allele -specific PCRs anc 
chain reactions and designed to detect CC to TT mutations at cc 
245 and 247/248, using 10 micrograms of DNA samples. These 
mutations in the p53 gene have been reported in skin tumors. C( 
mutations in the p53 gene were detected in cultured human skin 
only after UV irradiation, and the mutation frequency increased 
increasing UV dose. Seventeen of 23 samples of normal skin frc 
exposed sites (74%) on Australian skin cancer patients containe 
TT mutations in one or both of codons 245 and 247/248 of the p 
gene, and only 1 of 20 samples from non-sun-exposed sites (59 
harbored the mutation. None of 15 biopsies of normal skin from 
sun-exposed or intermittently exposed sites on volunteers livin] 
France carried such mutations. Our results suggest that specific 
gene mutations associated with human skin cancer are induced i 
normal skin by solar UV radiation. Measurement of these mutati 
be useful as a biologically relevant measure of UV exposure in 1 
and as a possible predictor of risk for skin cancer. 

PMID: 8278394 [PubMed] 
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